Background and Purpose-There is limited information regarding the cerebrovascular safety of cyclooxygenase 2 inhibitors (coxibs) and noncoxib nonsteroidal antiinflammatory drugs (NSAIDs). We determined whether specific NSAIDs, including coxibs, are associated with risk of stroke. 
S
elective cyclooxygenase 2 inhibitors (coxibs) were initially developed to decrease the gastrointestinal toxicity associated with traditional nonsteroidal antiinflammatory drugs (NSAIDs). However, there is now good evidence that these drugs can increase the risk of cardiovascular events in a dose-dependent manner. [1] [2] [3] [4] The excess in cardiovascular risk was first detected with rofecoxib in a trial in which the comparator was naproxen 5 and confirmed in another clinical trial with a placebo comparator. 4 Cardiovascular adverse effects led to the withdrawal from the market of rofecoxib (Vioxx, Merck) in September 2004. Valdecoxib (Bextra, Pfizer) was then withdrawn in April 2005. However, questions remain regarding the safety of celecoxib (Celebrex, Pfizer). The Adenoma Prevention with Celecoxib (APC) study reported an increased cardiovascular risk with higher doses of celecoxib (400 mg/d and 800 mg/d). 6 Uncertainty also remains regarding the safety of nonselective NSAIDs. In December 2004, the NIH halted the Alzheimer Disease AntiInflammatory Prevention Trial (ADAPT), when an interim analysis suggested that naproxen raised the risk of heart attack and stroke in study patients. 7, 8 NSAIDs can both inhibit the synthesis of platelet thromboxane, an antithrombotic activity, as well as inhibit the synthesis of prostacylin in endothelial cells, a prothrombotic activity. The balance of these activities or the relative potency of selective cyclooxygenase 2 inhibition may in part determine cardiovascular risk. Other possible mechanisms include elevation of blood pressure or accelerated atherogenesis. 9 -11 Most NSAIDs, increase blood pressure in a dose-dependent manner. Both isoforms of cyclooxygenase are present in the kidney vasculature and are critical to regulation of renal blood flow. 12 It is inhibition of this response that accounts for the most common renal side effects, edema and hypertension, associated with NSAID therapy. 13 Thus, there are several complex mechanisms by which NSAIDs (including coxibs) could have an adverse effect on vascular-associated health outcomes, particularly the risk of stroke. A recent case control study of NSAIDs and stroke found no association between NSAIDs and ischemic or hemorrhagic stroke; however, no coxibs were included in that analysis. 14 Another case control study conducted in the UK General Practice Research Database found an increased risk for ischemic stroke associated with rofecoxib, etoricoxib, and diclofenac use, but not with celecoxib or other NSAIDs. 15 Our aim in this study was to determine whether specific NSAIDs, including coxibs, are associated with an increased risk of ischemic or hemorrhagic stroke. New use and high doses of selective cyclooxygenase 2 inhibitors and nonselective NSAIDs were specifically examined.
Methods

Study Design and Data Sources
We performed a retrospective cohort study to examine the relationship between NSAIDs and stroke among Tennessee Medicaid program (TennCare) enrollees between 1999 and 2004. The Institutional Review Board of Vanderbilt University approved this study.
The primary sources of data were the administrative files of TennCare including the enrollment file, hospital and physician files, and the pharmacy files. The enrollment file identifies persons who are eligible to receive benefits, the dates of coverage as well as demographics such as sex, date of birth, race, and county of residence. The hospital and physician files include admission and discharge dates for hospitalizations, office visit encounters, and emergency department visits. During the study period diagnoses associated with health care visits were coded according to the International Classification of Diseases, Ninth Revision; Clinical Modification (ICD9-CM). 16 
Population
The source population was noninstitutionalized persons aged 50 to 84 years with continuous enrollment in TennCare for the year before study entry. Persons were eligible if they were enrolled between 1/1/1999 and 12/31/2004, had date of birth and gender in the enrollment file, did not reside in a nursing home, and did not have evidence for a prior stroke or other serious medical illness (defined as evidence of any cancer except non melanoma skin cancer, liver failure, end stage renal disease, HIV infection, or organ transplant) in the year before cohort entry. Patients were followed until development of the study outcome (stroke), a serious medical illness including stroke not meeting the study outcome definition, disenrollment, death, or the end of the study (December 31, 2004 ).
Exposure
The drugs of interest included the 7 most commonly prescribed NSAIDs: celecoxib, rofecoxib, valdecoxib, ibuprofen, naproxen, indomethacin, and diclofenac. All other NSAIDs, including multiple concurrent NSAID use, were considered together in an "other NSAID" category. For each of the 7 NSAIDs the daily dose was determined by multiplying the number of pills dispensed by the dose prescribed divided by the recorded days supply. If drug dose was missing or the formulation was for a liquid (Ͻ2%), the prescription was excluded from dose analyses. If duration was missing, it was assumed to be the lesser of twice the number of pills or 30 days. We used the 2 most frequently prescribed doses to define high and low dose, and used the midpoint between these doses to separate daily doses that were not in either dose category. The modal low and high daily dose for each drug was: celecoxib 200 and 400 mg; rofecoxib 25 and 50 mg; valdecoxib 10 and 20 mg; ibuprofen 1800 and 2400 mg; naproxen 750 and 1000 mg; indomethacin 75 and 150 mg; diclofenac 100 and 150 mg. Current use was the period from the date an NSAID prescription was filled through the end of the days of supply. Former use was 365 days after the end of current use. Nonuse included all other person time, that is, person time in which there was no NSAID use in the prior 365 days, and was the reference for all analyses. Episodes of use of a specific NSAID began on the first study day of current use and stopped at time of switching to another NSAID, after 365 days of nonuse, or on exit from the cohort. Current use was also classified by dose (high dose and low dose based on the cut point) and duration (Ͻ90 days of continuous use or Ն90 days of continuous use). Because extended follow-up data from the APPROVe trial indicate that patients who stopped rofecoxib remain at an increased risk of stroke, we also examined former use of rofecoxib and valdecoxib. 17 Because new users are less susceptible to bias introduced by events that might arise shortly after the onset of therapy or by modification of disease risk factors, such as hypertension, by the exposure of interest, we conducted a similar analysis confined to new users. 18 New users were defined as persons who started an NSAID and had no prescription for any NSAID in the prior 365 days.
Outcome
The stroke outcome was determined with ICD 9 CM codes, using an algorithm with a high predictive value for identifying new strokes. 19 The study outcome date was their first hospitalization with a primary discharge diagnosis indicating an incident cerebrovascular event. These included fatal and nonfatal ischemic stroke (ICD 9-CM codes 433.x1, 434 [excluding 434.x0], or 436), intracerebral hemorrhage, (431) and subarachnoid hemorrhage. (430) Strokes associated with traumatic brain injury (ICD-9-CM codes 800 to 804, and 850 to 854) or those with "rehabilitation care" as the primary code (V57) were excluded. Strokes that were coded as a secondary diagnosis did not meet criteria for the main study outcome and were censored. We chose to study ischemic/thrombotic stroke events because inhibition of cyclooxygenase 2 has been postulated to increase platelet thromboxane thereby promoting thrombosis. 9 -11,20,21 We also included hemorrhagic strokes because of the epidemiological evidence that use of certain NSAIDs might lead to intracerebral or subarachnoid hemorrhage. 22, 23 A systematic sample of 250 charts was reviewed to verify the accuracy of the incident stroke diagnoses. Using our study definition, the positive predictive value for identifying any new stroke was 97%. The predictive value for a true incident event, that is a new stroke in a patient with no prior history of stroke, was 80%.
Covariates
Important comorbidities were determined using the administrative files to identify persons that had an encounter with the ICD-9-CMcoded comorbidity of interest or prescription for specific medications in the prior 365 days. All covariates were measured at baseline, at the beginning of each episode of NSAID use, and at a transition to nonuse. Covariates included all factors listed in Tables 1 and 2 and included: age, race, sex, calendar year, residence, enrollment category, presence of rheumatologic disease, prescription for aspirin, smoking-related illness, general access to care, unique number of prescription medications used, and the use of medications indicating other comorbidities (anticonvulsants, antimicrobials, bronchodilators, estrogens, and psychotropic drugs).
To control for potential differences in vascular disease between study exposures, we calculated a vascular risk score for all study subjects. 24 -28 We fit a proportional hazards model relating the 22 indicators of vascular comorbidities and medications (Table 2 ) at baseline to our study outcome, time-to-stroke. 29 To account for potential confounding by NSAID use as well as possible instabilities attributable to small numbers of events among certain exposure groups, the regression model was restricted to nonusers of NSAIDs at baseline, which is consistent with risk score applications from other published studies. [25] [26] [27] [28] We used the estimated coefficients of 
Statistical Analyses
We constructed Kaplan-Meier survival curves for each NSAID exposure group accounting for time-dependent exposures. 30 Proportional hazards regression was used to examine the association between NSAID use as a time-dependent covariate and time-tostroke. We derived the final model by determining a priori covariates for inclusion based on clinical significance (potential confounders).
The regression model adjusted for vascular risk score and all covariates in Table 1 . Measures of association were expressed as hazard ratios (HR) with 95% confidence intervals (95% CIs). To investigate whether there was effect modification by age or vascular risk we conducted stratified analyses with respect to these factors and tested for interaction. These were not statistically significant and were not included in the final model. All analyses were conducted using Stata 9.0 (Stata Corporation) and R Statistical Program (R Foundation, available at: http://www.r-project.org).
Results
Characteristics
There were 336 906 unique persons included in the cohort, with 989 826 person-years of follow-up. Each study member entered the cohort as a current user of one of 7 study NSAIDs (nϭ78 036), a current user of other NSAIDs or NSAID combinations (nϭ16 420), or as a nonuser (nϭ242 450). The cohort was 64.8% women, 74% white, and 74.1% were less than 65 years of age (Table 1) . NSAID users were more likely to be women, filled more prescriptions in the prior year, and had a higher number of outpatient visits than nonusers. Aspirin use and smoking related comorbidity did not differ appreciably between nonusers and NSAID users. Both nonusers and NSAID users had high baseline risk for vascular disease. The mean vascular risk scores ranged from 3.58 among nonusers to 4.44 among indomethacin users. A fourth of the cohort had serious cardiovascular disease in the year before cohort entry. More than 60% were using 1 or more antihypertensive drugs at baseline. A higher proportion of coxib users had a diagnosis of atrial fibrillation, and used anticoagulants or platelet inhibitors than noncoxib NSAID users ( Table 2) . Figure, panel A) .
NSAIDs and Risk of Stroke
The majority of the strokes were ischemic 3892/4354 (89.3%), and analyses confined to this group alone were almost identical to those presented for all strokes. The risk of hemorrhagic strokes (subarachnoid hemorrhage and intracerebral hemorrhage) did not differ significantly between NSAID exposure groups, but confidence intervals around these estimates were wide (supplementary Table I , available online at http://stroke.ahajournals.org).
Effect of Dose and Duration
We examined the effect of NSAID dose and duration on the time to incident stroke. short nor long duration use of any of the remaining NSAIDs was associated with a significantly increased risk of incident stroke.
We chose the cutoff of 90 days because it maximized the sample size in each group however; we conducted a sensitivity analysis varying the cutoff for long duration of use (90 to 180 days and Ͼ180 days). Among rofecoxib users who had duration of use that was 90 to 180 days there were 5.27 strokes per 1000 person years (adjusted HR 1.30, 95% CI 0.87, 1.95). Users of rofecoxib for Ͼ180 days had 4.77 strokes per 1000 person years (adjusted HR 1.16 95% CI 0.84, 1.60). Among valdecoxib users who had duration of use that was 90 to 180 days there were 5.71 strokes per 1000 person years (adjusted HR 1.33, 95% CI 0.66, 2.67). Users of valdecoxib for Ͼ180 days had 7.24 strokes per 1000 person years (adjusted HR 1.60 95% CI 0.92, 2.76).
Effect of Channeling Bias
Patients at high risk for stroke may be prescribed medications that are perceived to be safer. The ability of these patient characteristics to influence cardiovascular risk and cause confounding is called channeling bias. We were concerned that older patients and those with preexisting cardiovascular comorbidities would be preferentially prescribed lower doses of the coxibs. We reexamined the patient characteristics to determine absolute percent differences between patients prescribed high and low dose rofecoxib and valdecoxib. Among rofecoxib and valdecoxib users we found that low dose users were more likely to be 75 years and greater (absolute difference 6.47% [95% CI 5.16, 7.78%] and 5.87% [95% CI 2.34, 9.40%], respectively) and female (absolute difference 7.68% [95% CI 4.42, 10 .94%] and 6.88% [95% CI 2.08, 11 .67], respectively). More low dose rofecoxib users had congestive heart failure (absolute difference 2.5%, 95% CI 0.92, 4.08%) and used digoxin (absolute difference 1.62%, 95% CI 0.54, 2.70%). There were a higher proportion of low dose valdecoxib users who had atrial fibrillation (absolute difference 2.61%, 95% CI 0.79, 4.43%), used antiarrythmics (absolute difference 4.80%, 95% CI -0.15, 9.74%), and were prescribed a beta blocker (absolute difference 5.53%, 95% CI 0.83, 10.24%).
Risk of Stroke Among New Users of NSAIDs
An analysis of new users, that is, those with no NSAID use in the 365 days prior, yielded similar results. There were 6.06 stroke hospitalizations per 1000 person years for new users of rofecoxib (adjusted HR 1.46 95% CI 1.08, 1.98) and 6.19 stroke hospitalizations per 1000 person years for new users of valdecoxib (adjusted HR 1.39, 95% CI 0.74, 2.59). New use of other NSAIDs was not associated with a statistically significant increase in the risk of stroke (Table 3 and Figure, panel B).
Discussion
Our results confirm an increased vascular risk among current users of 2 highly selective cyclooxygenase 2 inhibitors, rofecoxib and valdecoxib. In our population, current use of celecoxib was not associated with an increased risk of stroke. The stroke rates were similar among new users of these drugs, but estimates were less precise. We used the new user design because of its methodological superiority to traditional observational study designs that include prevalent users. Inclusion of prevalent users may result in 2 types of bias. 18 First, prevalent users are "survivors" of the early period of pharmacotherapy. This can introduce bias if the risk of developing the outcome varies with time. Second, the exposure of interest may alter important comorbidities, such as NSAIDs causing hypertension. Adjustment for these factors that are on the causal pathway may obscure a true association. The new-user design eliminates these biases by restricting the analysis to persons under observation at the start of the current treatment and controls for baseline risk factors in the analysis. This design most closely resembles a clinical trial in which persons enter the trial and have their characteristics measured at baseline, before use of study drug, and then are followed forward in time until they develop the outcome of interest.
The majority of early randomized trials of coxibs did not report vascular events as primary adverse outcomes. Among those that captured vascular events, most focused on cardio- There are few observational studies that specifically examined the risk of cerebrovascular events among either NSAID or coxib users (Table 4) . Our results demonstrating no increased risk for stroke with celecoxib is consistent with the results reported by Andersohn et al, 15 Lee et al, 32 and Solomon et al 33 In addition, the increased risk we observed with current use of rofecoxib is consistent with findings from these three observational studies. We also observed an increased risk for cerebrovascular events with the use of valdecoxib. One other observational study has specifically examined the risk of cerebrovascular effects of valdecoxib. 33 This study found no increased risk of cerebrovascular or cardiovascular events with the use of valdecoxib; however, the increased risk of composite vascular events, particularly myocardial infarction, has been documented with valdecoxib in randomized controlled trials. 34 -36 The results regarding the traditional NSAIDs are less consistent. We found no increased risk for either ischemic or hemorrhagic cerebrovascular events with use of any of the traditional NSAIDs, similar to the results reported by Bak and colleagues. 14 Andersohn et al 15 noted an increased risk for ischemic stroke with the use of diclofenac. Finally, in the study of US veterans by Lee et al 32 there was an increased risk for cerebrovascular events among users of naproxen.
A strength of our study is the validation of the stroke outcome definition in a systematic sample of charts. Our method uses an algorithm that selects for incident strokes thereby allowing the study of medications that may lead to stroke. Some limitations need to be considered. NSAIDs such as ibuprofen and naproxen are available over the counter and may have been used by the reference group we classified as nonusers. During the time period, NSAIDs could be obtained free from TennCare; therefore there were monetary incentives not to use over the counter agents. In our validation study 2 of the 44 (4.5%) persons we categorized as nonusers were actually using a nonaspirin NSAID at the time of their stroke. Thus, this type of misclassification appears to be small, but could bias our risk estimates toward the null. Another limitation is that potential confounders are not well recorded in the database. Aspirin use and smoking status are probably underestimated, clinical information such as body mass index, control of blood pressure, lipid profiles, glycosylated hemoglobin, and lifestyle factors such as exercise are not recorded. We adjusted for many of these clinical characteristics through use of the vascular risk score which accounts for prescription of cardiovascular medications such as antihypertensives, hypoglycemic medications, and lipid-lowering medications. Whether each of these risk factors was controlled to clinical goal remains unknown, but there is no reason to believe that control of risk factors occurred differentially between users of NSAIDs and nonusers. Finally, we were concerned about channeling bias and confounding by indication. Our analyses controlled for important risk factors such as age, sex, race, and the vascular risk score. We demonstrated that there were differences in the characteristics of persons prescribed high versus low doses of rofecoxib and valdecoxib. These differences in age, sex, and underlying cardiovascular comorbidities were controlled for in our analyses, but other factors associated with both health status and doses prescribed may explain the stronger association between low dose rofecoxib and incident stroke hospitalization. In conclusion, we report that both rofecoxib and valdecoxib were associated with an increased risk of stroke. These 2 medications were commonly prescribed in our population, particularly among those at highest risk for stroke-the elderly and those with preexisting hypertension. 37, 38 Both rofecoxib and valdecoxib have since been withdrawn from the market based on studies suggesting their association with a higher risk of vascular events than other NSAIDs, including celecoxib. Our data provide some reassurance about the NSAIDs that remain on the market. However, it is likely that small but clinically significant increases in risk would be missed by observational studies. Given these results and prior studies, we suggest that reintroduction of rofecoxib or valdecoxib would be unwise and advise caution for drugs with similar cox 2 selectivity. 39, 40 Additional studies that include both cerebrovascular and cardiovascular outcomes may help establish significant between-drug differences in risk. Caution and supervision is needed with use of any of these drugs in populations at high risk for cardiovascular and cerebrovascular outcomes.
